This study investigates heat transfer characteristics and the pressure drop of a horizontal double pipe heat exchanger with wire coil inserts. The amplification of convection heat transfer coefficient in the heat exchanger reduces the weight, size and cost of heat exchanger. One way of augmenting the heat transfer is to disturb the boundary layer. When an object is placed in a boundary layer, it affects the flow structure and alters the velocity and thermal profiles. The change is affected by the formation of jets and wakes in the boundary layer as it alters modifies transfer and friction coefficients on the wall. This paper studies the characteristics of the heat transfer and the pressure drop of a double pipe horizontal tube heat exchanger with an inserted wire coil and rings. Wire coil acts as a swirl flow, which increases turbulence and roughness whereas rings increase heat transfer as a promoter of turbulence and roughness. The experimental data sets were extracted from wire coils and rings tested within a geometrical range with a pitch of (P/D=1, 2, 4) and wire diameter of (d/D=0.05, 0.07, 0.11). For wire coil with d/D=0.11, P/D =1 and Reynolds number of 10000, the overall enhancement efficiency amounted to 128%.
NOMENCLATURE

INTRODUCTION
Laminar-turbulent transition is an important problem in many wall-bounded flows of both scientific and engineering interests (Noro et al. 2013 ). Heat transfer is widely used in many applications in heat exchangers, chemical process, gas and oil production, air condition, automotive or food industries. Modern engineering and technology is moving constantly upward on the temperature scale and subsequently the concept of enhancement of heat transfer has derived the attention of many scientists and engineers in the past few decades (Shailendhra et al. 2011) .
A general consideration in designing a heat exchanger is to make it compact, i.e., increase the overall heat transfer coefficient. Another consideration is reducing the temperature of driving forces which enhances the second law efficiency and decreases entropy generation. Over the past decades, several methods have developed and extensively applied to heat exchangers.
In industrial processes, more than 80% of energy is transferred in heat exchangers, which highlights the importance of enhancing heat transfer (He et al. 2012 ).
Generally, enhancement techniques can be classified into three broad categories:
(a) Active methods: active augmentation, which is studied extensively, requires some external power to achieve the desired flow modification. Given the complexity of this method, is rarely used in design purpose. Furthermore, it is not easy to provide external power in many applications.
(b) Passive methods: this method does not rely on external power, but the additional power is derived from the power of the fluid motion. Tube insert devices, which consist of twisted tape, wire coil, extended surface and wire mesh inserts, are the most important techniques of this group among which twisted tape and wire coils are widely used.
(c) Compound method: It is a hybrid method which draws on both active and passive methods. It has a complex design which limits its applications (Jafari et al. 2010 ).
Since compound method uses passive method, no additional external power is required. For this reason, it is widely used in several heat transfer applications, like heat recovery process, air condition, refrigeration and dairy process.
Wire coil inserts is superior to other enhancement techniques for several reasons:
(1) Lower cost.
(2) Easy installation and removal.
(3) Preservation of original smooth tube mechanical strength.
(4) Possibility of installation in an existing smooth tube heat exchanger (Garcia and et al. 2005) .
When a wire coil, a twisted tape or other means of swirling flow are inserted into a flow field, they induce swirls into the flow field and produces periodic redevelopment of the boundary layer, which increases the effective heat transfer area and the turbulence intensity. The swirl induces tangential flow velocity component, which improves the mixture of flow between the tube core and the nearby wall region (Gunes et al. 2010 ).
Also Naphon (2006) studied the heat transfer characteristics and the pressure drop of the horizontal tubes with wire coiled insert. He also examined the effect of coil pitch and relevant parameters on heat transfer characteristics and pressure drop, showing that wire coil insert had a significant effect on the enhancement of the heat transfer, especially in the laminar flow region. reported the thermal performance of a tube with square cross-sectioned coiled wire, comparing his experimental results with the performance of a circular cross-sectioned wire. The results revealed that under similar conditions, the overall enhancement provided by the square coiled wire insert was better than the circular one. Additionally, Promvonge (2007) examined the effect of snail entry on thermal enhancement of a tube fitted with circular and square cross-sectioned coiled wire.
The effect of different wire coiled geometries on pressure drop during the condensation of R-134 vapor inside a horizontal tube was experimentally investigated by Akhavan-Behabadi et al. (2008) .
In another study, Behabadi et al. (2010) carried out an experimental study on the enhancement of heat transfer coefficient by coiled wire inserts during the engine oil is heated inside a horizontal tube. Moreover, the effects of Reynolds number and the wire coiled geometry on the heat transfer augmentation and fanning friction factor were studied. Finally, two empirical correlations were developed to predict the heat transfer enhancement of these coiled wire inserts. These correlations predicted the experimental Nusselt number in error band of ±20 percent. Saeedinia et al. (2012) did an experimental study to investigate the heat transfer and pressure drop characteristics of CuO/Base oil nanofluid laminar flow in a smooth tube with different wire coil inserts under constant heat flux. The nanofluid is prepared by the dispersion of CuO nanoparticles in the base oil and stabilized by an ultrasonic device. Finally, two empirical correlations are developed for predicting the Nusselt number and the friction factor of the nanofluid flow which is inside coiled wires inserted tubes. These correlations predict the experimental data in an error band of ±20%. Garcia et al. (2007) A centrifugal fan (0.37kw) was used to convey air in the inner tube. To avoid the influence of obstacles as a Fin, a plastic layer was added to the wire coil and rings. Also, wire coil diameter and rings were 4, 6, 9 mm. Three different d/D ratios (d/D=0.05, 0.07, 0.11) and three different pitch ratios (P/D=1, 2 and 4) were considered in the experimental study. Air velocity in inner tube altered from 1 to 6 m/s as the air volume changed. Outer pipe was insulated by a 5cm thickness and the thermal conductivity of 0.034 W/m.K (glass wool) to minimize heat loses. Temperature differences were measured between the air inlet and outlet both with and without enhancement.
The uncertainties of experimental measurements were determined by the method introduced by Kline and McClintock (1953) in the present study, the highest uncertainties of Nusselt number, friction factor and Reynolds number were approximately ±7.9%, ±8.1% and ±5% respectively.
The Nusselt number and the friction factor were calculated for a smooth tube to validate the experimental method used prior to the experiments of the wire coil and rings inserts. The results of Nusselt number and friction factor for smooth tube were compared with the results of steady state flow correlations of Gnielinski (1976) and Petukhov (1970) show compare the results of the present smooth tube and the correlations of Gnielinski and Petukhov. As can be seen, there is a good agreement between the results for the present smooth tube and the correlations offered in the literature. These results verify the experimental setup and measurement technique.
DATA AND ASSUMPTION
To calculate the air-side heat transfer coefficient, heat transfer correlations were used. It should be noted that the rate of heat loss from heat exchanger to ambient was negligible. For the air-side, we have: ∆
Also, we have heat transfer between air and water: (2) ∆ Given that we have:
On the other hand: 1 ) 4 ( With negligible of fouling factor for two fluid total thermal resistances equal:
To calculate the heat transfer coefficient of waterside relations, the reform Gnielinsky (2011) based on the hydraulic diameter D D O D was used and the total amount of calculations was kept constant. The constant C is defined as follows:
Thus, by combining Eq. (3), (4), (5), (6), the amount of heat transfer coefficient on the tube side will be: The overall enhancement efficiency is expressed as the ratio of h ob , That is, the ratio of an enhanced tube with wire coiled insert to the similar smooth tube, h S at a constant pumping power is introduced by Webb (1981):
EXPERIMENTAL RESULTS AND DISCUSSION
The variations of Nusselt number relative to Reynolds number for three different pitch ratios (P/D=1, 2 and 4) of the wire with d/D=0.11 are shown in Fig. 5 . As can be seen, the heat transfer increases as the pitch ratio drops. The maximum heat transfer is achieved for the lowest pitch ratio (P/D=1) for rings. Given the turbulence intensity and flow pathway of this pitch ratio, it is greater and longer than other pitches. The Nusselt number increase for rings was in the range of 130-140%, 120-130% and 100-110% , which was more than that of the smooth tube depending on the values of Reynolds number for P/D=1, 2 and 4 respectively. The variation of friction factor relative to Reynolds number for three pitch ratios (P/D=1, 2 and 4) of the wire with d/D=0.11 is shown in Fig. 6 .
Heat transfer ratio (Nu ob /Nu s ) and Reynolds number are illustrated in Fig. 7 . It must be noted that for a net energy gain, i.e., an effective heat transfer, the heat transfer ratio must be greater than unit.
As shown in Fig. 7 . the heat transfer increase generated by wire coil and rings inserts is remarkable. 
Fig. 7. Variation of Nusselt number ratio relative to Reynolds (d/D=0.11).
The Nusselt number ratio tends to decrease as the Reynolds number increases for all cases; however, the heat transfer ratio does not significantly change the value of Reynolds number. The heat transfer ratio rises with the decline of pitch ratio and the increase of wire thickness. According to Fig. 7 . the rings with P/D=1 provides the maximum Nusselt ratio. This can be attributed to the reverse flow provided by the wire with d/D=0.11 and P/D=1, which improves the convection of the tube wall by mounting the mean velocity and temperature gradient and reducing the cross section of the flow field.
As shown in Fig. 7 ., for the same wire thickness, rings with P/D=2 are more effective in heat transfer than wire coils.
The friction factor decreases as the Reynolds number and pitch ratio rise. Low pitch ratio is equal to the increased number of coils. Thus, the utmost friction factor was observed for the case of P/D=1 because increased number of coils disturbed the entire flow field and produced more friction. In the rings of all pitch ratios, the friction factor increased significantly compared to the smooth tube because the upper surface area and the reverse flow led to the dissipation of dynamic pressure of the flow.
As seen in Fig. 8 . mean increase in the friction factor of the wire coiled inserts with pitch ratios of P/D=1, 2 and 4 are approximately 6.9-7.2, 3.8-4.35 Nusselt ratio
Re
Ring P/D=1 Coil P/D=1 Ring P/D=2 Coil P/D=2 Ring P/D=4 and 1.4-2.1 times greater than that of the smooth tube respectively. The mean increase in the friction factor of ring inserts with pitch ratios of P/D=1, 2 and 4 are approximately 14.5-17.5, 9.3-12 and 6.4-7.6 times greater than that of the plain tube, respectively.
The results of friction ratio for the whole set of wire coils and rings are shown in Fig. 8 . Rings with d/D=0.11 have the maximum friction ratio (11.2-11.8). According to Fig. 8 ., the pressure drop for all case is higher than wire coils. When the ring diameter increases, a) the vortex and wake power increases and b) the cross section area of pipe reduces, the velocity increases and thus the pressure drop rises. By comparing the friction factor of d/D=0.11 for rings and wire coils, the amount of friction factor for ring will be almost twice the wire coil. Fig. 8 . indicates that the amount of pressure drop for rings with d/D=0.11 and P/d=4 are equal to wire coil with d/D=0.11 and P/d=1. )] are used to evaluate the effect of wire coiled and rings inserts.
The variation of overall enhancement efficiency plotted against Reynolds number for all cases has been shown in Fig. 9 . Thus, a performance study is necessary to evaluate the net energy gain required for making a conclusion. If the technique used for increasing the heat transfer is efficient in terms of energy, then the enhancement technique will be optimal. The pumping power has been kept constant in the comparison to determine the net gain. As shown in this figure, wire coiled insert is more valuable than the smooth tube. The overall enhancement efficiency tends to decrease with any variation in the Reynolds number, which greater than 1 for all Reynolds numbers. It is obvious from Fig. 9 . that wire coils with P/D=1 and P/D=2 have respectively the maximum efficiency in terms of heat transfer and friction, rings with P/D=1, given the lack of swirl fluid flow, are come after them. As P/D increases, the influence of the swirl flow decreases to the extent that almost no difference is observed in the overall enhancement between wire coil and rings of P/D=4. In this case, the overall enhancement efficiency increase is caused by the turbulence promoter and roughness. In P/D=1, 2 for wire coil, there are some fluid flow phenomena such as swirl, turbulence promoter and roughness. Also, in P/D=1, 2 for rings, there are fluid flow phenomena such as turbulence promoter and roughness. Figs. 10. and 11. show the effect of d/D on the heat transfer and friction factor ratio under turbulent flow conditions for wire coil and rings in a constant pitch ratio (P/D=1), It is obvious that the heat transfer rate and friction factor provided by the tube with wire coil and rings is higher than that of smooth tubes. Rings tabulators disturb the development of the boundary layer of the fluid flow and increase the degree of flow turbulence. Obviously, rings provide higher heat transfer than wire coils because the turbulence intensity and the wake derived from rings are greater and longer than that of wire coil.
Fig. 10. Variation of Nusselt ratio relative to Reynolds number for different d/D ratios (P/D=1).
Nusselt ratio decreases as the Reynolds number increases, which in optimal condition is 2.48 times greater than the smooth tube. Under this condition, the maximum value for wire coil is 2.18 times greater than the plain tube. Nusselt ratio rises as thickness of wire and a ring is increase. This can be attributed to the stronger turbulence intensity, increased heat transfer area and higher mixing induced by larger wires as compared to that of small wires. The variation of Nusselt number relative to the Reynolds number for different wire diameter has been shown in Fig.10 . According to Fig. 11 , the Nusselt number ratio for the wire coils with d/D=0.11 is approximately 2.16-2.2.times greater 
Fig. 11. Variation of friction ratio relative to Reynolds number for different d/D ratios (P/D=1).
According to Fig. 11 ., the friction ratios of rings for wires with d/D=0.11, 0.07 and 0.05 are respectively 11.2-11.8, 9.5-9.7 and 6.2-6.9.
In Fig. 12 , the variation of overall enhancement efficiency is plotted against Reynolds number. Heat transfer enhancement is provided by the rising friction loss caused by the rings and wire coiled inserts. Thus, a performance study is necessary to evaluate the net energy gain to make a decision. The comparison is made based on the same pumping power to determine the net ultimate gain. For all case, the experimental data are compared by keeping constant the pumping power. As shown in Fig. 12 , the enhancement factors are generally above unity. Wire coils with d/D=0.11 and P/d=1 has the maximum efficiency. Overall, the maximum enhancement is 128%. Wire coil with d/D=0.07 and P/d=1 and ring with d/D=0.11 and P/d=1 are in the second and the third order in terms of maximum efficiency. The overall enhancement efficiency for ring and wire coils with d/D=0.07 and d/D=0.05 are equal. The overall enhancement efficiency for Ring with d/D=0.05 is less than unit because the friction factor is more effective than the heat transfer.
CONCLUSION
The present experimental study focused on the analysis of the heat transfer and pressure drop between the wire coil and rings insert in smooth tube with Re=5000-25000 and Pr=0.7.
The circular cross-sectioned wire coil and rings were inserted in the tube. Wire coil and rings inserts tube produced remarkable increase in both heat transfer and pressure drop in comparison with the smooth tube relative to the pitches and wire thickness.
Wire coil acts as a swirl flow, with rotating flow being superimposed upon the central core flow, which generates centrifugal force. In most liquids in which the density is reduced relative to the temperature, the centrifugal force transfers the heated fluid from the boundary layer towards the tube axis, which increases the heat transfer. Rings acts as a turbulence promoter with the flow turbulence level being amplified by the separation and reattachment mechanism. Besides, when rings are in contact with the tube wall, they act as roughness elements and disturb the existing laminar sub layer.
Depending on the flow condition, wire geometry and pitch, the heat transfer rate increases by one or both of the earlier mechanisms. Nusselt ratio for rings 2.3-2.4 over plain tube is obtained. However, the overall enhancement efficiency of 128% is reported for rings in best condition. With respect to the heat transfer and friction, wire coils display superior performance than rings. 
